Volatile organic compounds (VOCs) are major source of ambient air pollutants in Bangkok, Thailand. Humans can be exposed to these pollutants by inhalation, ingestion, and dermal contact but mainly by inhalation. The scientists have paid much attention to the study of exposure to air pollutants in outdoor air because they have realized the seriousness of outdoor air pollution problems of acute and chronic health effects as cancer. The measurements of benzene, toluene, ethylbenzene, xylene (BTEX) and carbonyl compounds (CCs) at 16 sites with 144 subjects of 3 classes (motorcycle drivers, security guardsmen and street venders) were performed in Pathumwan district, central Bangkok during September and October 2012 by Gas Chromatography/Flame Ionized Detector (GC/FID) and High Performance Liquid Chromatography/Ultraviolet-Visible Detector (HPLC/UV-VIS). The ambient air concentrations of benzene, toluene, ethyl benzene, xylene, formaldehyde and acetaldehyde in urban area were 46.13, 91.10, 4.55, 58.27, 11.98 and 5.85 µg/m 3 respectively. The outdoor workers had average lifetime cancer risk of benzene, ethylbenzene, formaldehyde and acetaldehyde at 1.67E-05, 2.11E-07, 3.38E-06 and 7.93E-07 respectively which cancer risk of benzene and formaldehyde were higher than acceptable limit (1.00E-06). The security guardsmen, motorcycle drivers and street venders who work in the same area had cancer risk at 3.65E-05, 1.76E-05 and 1.01E-05 respectively The hazard quotient (HQ) of benzene, toluene, ethylbenzene, xylene, formaldehyde and acetaldehyde of all workers were 9.43E-02, 9.57E-04, 4.43E-04, 4.04E-02, 1.42E-01 and 7.64E-01 respectively which all of them were lower than acceptable limit (HQ<1.00). In addition, the urinary biomonitoring concentrations of outdoor workers of trans,trans-muconic acid (tt-MA), hippuric acid, formaldehyde, acetaldehyde and formic acid were 1.66 mg/gCr, 0.51 g/gCr, 0.85 mg/gCr, 15.9 mg/gCr and 20.57 mg/gCr respectively. The tt-MA was strongly associated with benzene exposure (p<0.001) as well as hippuric acid was associated with toluene (p=0.001).
Introduction
The air quality becomes increasingly deteriorated in cities world-wide include Bangkok and people were concerned for their health. Air quality monitoring has extended beyond the criteria pollutants (carbon monoxide, sulphur dioxide, oxide of nitrogen, ozone and particulate matter) to include measurements of some toxic air pollutants (TAPs) such as volatile organic compounds (VOCs). VOCs, which are the main group of hydrocarbons in the atmosphere, play an important role in the formation of ozone and other photochemical oxidants in the troposphere (Tiwari et al., 2010; Yerramilli et al., 2011) . A large number of anthropogenic VOCs emissions are prevalent in urbanized areas. The VOCs determination in the atmosphere has increased over the last several decades. A lot of researches have focused on the urban levels of VOCs, especially aromatic such as benzene, toluene, ethylbenzene and xylene (BTEX) and carbonyl compounds (CCs; aldehyde and ketone), due to the known and suspected carcinogenic nature of these species. Similar to other Asian cities, the VOC levels measured in urban areas were mainly affected by automobile exhaust and gasoline evaporation.
Benzene, toluene, ethylbenzene, and xylene, formaldehyde and acetaldehyde are the most typical components of VOCs pollutants in atmosphere (Ho and Lee, 2002; IARC 2006; Srivastava et al., 2005 Srivastava et al., , 2006 . The chemicals can be carcinogenic like benzene (US EPA, 2003) , ethylbenzene (US EPA, 2013), formaldehyde and acetaldehyde (IARC, 2011) and some are non-carcinogenic like toluene and xylene. Human health effects depend on the chemical hazard concentration and duration of exposure (Mckone and Hertwich, 2001) . Their metabolites and un-metabolites of higher doses of these exposures may overwhelm the metabolic capacities and result in the presence or remain in the urinary tract (WHO, 2011; Tunsaringkarn et al., 2012a ; The Encyclopedia of Earth, 2013) . There were trended increasing ambient VOCs concentrations in Bangkok (Suwattiga and Limpaseni, 2005; Laowagul et al., 2008; PCD and DEQP, n.d.) due to increasing population and transportation. Some studies found the correlation between some VOCs in ambient air and urinary biomarkers in previous (Wang et al, 2007; Tunsaringkarn et al., 2012b; Olaru, 2013) . There are lack of studies of exposure assessment and health risk from these pollutants in ambient air or in occupational workers in developing countries and the relation between atmospheric pllutants and urinary biomarkers among outdoor workers who have high risk of expose to them especially in urban areas like Bangkok. Urinary biomarkers may be used as biomonitoring for workers or general people who have exposed to these pollutants. The aims of this study were to determine the atmospheric pollution levels of aliphatic and aromatic VOCs and attempted to investigate the impact of health risk assessments and their associations to urinary biomarkers of outdoor workers in urban areas of Bangkok.
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Materials and methods

Study Population
The study was carried out in 10 purposive sites particularly in main roadsides of Rama road 1, Phyathai road, Henrydunant road and 6 sites in Chulalongkorn University which are in Pathumwan area. Main study sites of motorcycle drivers and street venders were located at Community Pharmacy Clerkship ( 
Outdoor worker study
Total 144 of outdoor workers composed of 38 security guardsmen of university, 38 motorcycle drivers and 68 street venders who pleased to participate this study, worked in study area and included by random. All inclusion criteria of workers were healthy, age over 18 years old, work period more than 3 months and signed consent from and interviewed the characteristics of age, weight, height, period of employment, working hour a day and working day a week. This study was approved by the Ethical Review Committee for Research Involving Human Research Subjects, Health Science Group, Chulalongkorn University (COA No. 089/2012).
Sample collection and analyses
Sixteen ambient air monitoring study sites and thirty two personal air samples were collected for 8 hours working time (8.00 A.M -15.00 P.M) of workers during September to October 2012. Ambient air (AA) and personal air (PA) samples were collected by active charcoal tube with flow rate 100 mL/min for benzene, toluene, ethylbenzene, xylene (BTEX) analyses by GC/FID (Tunsaringkarn et al, 2012a ) and collected by 2,4-dinitrophenylhydrazine (DNPH) cartridge for formaldehyde and acetaldehyde analyses by HPLC/UV-VIS according to Method TO-11A (US EPA, 1999) and Method 1501 (NIOSH, 2003) . Both cartridge and charcoal tube were kept at 4 o C during transportation to the laboratory and were stored in a refrigerator until further analysis. Quantification was performed using the external calibration method. The coefficients of BTEX and CCs determination (R 2 ) ranges were 0.991-0.999 and 0.999-1.000. All sample analyses were done by triplicate.
Health risk assessments
cancer risk assessment
The cancer risk was calculated by multiplying chronic Daily Intake (CDI) by inhalation cancer slope factor (CSFi) and Hazard quotient (HQ) for non-cancer calculated by dividing exposure concentration (EC) by inhalation reference concentration (RfC) as followed equations:
Cancer risk = CDI x CSFi;
where; CDI = (CA x IR x ET x EF x ED)/(BW x AT) CDI (mg/kg/day) = Chronic Daily Intake; CSFi (mg/kg/day) -1 = Inhalation cancer slope factor; CA (mg/m 3 ) = Contaminant concentration in air; IR (m 3 /hr) = Inhalation rate (0.875 m 3 /hr, assumed for adult); BW (kg) = Body weight of workers; ET (hrs/day) = Exposure time (hr/day); EF (days/year) = Exposure frequency (d/yr for workers); ED (years) = Exposure duration (30 ys for workers); AT (days) = Averaging time (70 yrs x 365 days) Cancer risk < 1.00E-06 means Carcinogenic effects of concern; Cancer risk > 1.00E-06 means Acceptable level
non-cancer risk assessment
The non-cancer risk was calculated by hazard quotient (HQ) which is ratio of exposure concentration (EC) and inhalation reference concentration multiplies by 1000 as followed equations: HQ = EC/RfC x 1000; where; EC = (CA x ET x EF x ED)/AT EC (µg/m 3 ) = Exposure concentration ; RfC (mg/m 3 ) = Inhalation reference concentration HQ = 1 means Adverse non-carcinogenic effects of concern; HQ = 1 means Acceptable level
Urinary biomarker analyses
The cross-sectional study of 144 urine samples of all workers were collected by glass bottle after 8 hours working time (8.00 A.M-15.00 P.M) of outdoor workers. All urine samples were kept at 4 o C during transportation to laboratory, stored at -20 o C and later analyzed for creatinine (Cr) (Slot, 1965) , trans, trans-muconic acid (tt-MA) (Tunsaringkarn et al, 2011) , hippuric acid (Ogata et al, 1987) , formaldehyde, acetaldehyde and formic acid analyses (De Graff et al., 1998) . Acceptable limit on urinary creatinine concentrations were between 0.3 and 3.0 g/L (ACGIH, 2010) as the World Health Organization (WHO) has adopted guideline. All measured values were corrected by urinary Cr concentrations for clinical chemistry analysis (Barr et al., 2005) .
Statistical analysis
All data were statistically analyzed using the SPSS 17.0 for windows software. Descriptive statistics was used to understand the characteristics, exposures and urinary biomarkers concentrations. The comparison between ambient and personal airs was done using independent t-test and the comparison between worker groups using One-Way Anova (Post Hoc multiple comparison). The association between the VOCs exposures and urinary biomarkers of outdoor workers were assessed by linear regression model. A statistically significant difference was accepted at p<0.05 as other medical studies.
Results
Characteristics of outdoor workers
The characteristics of 144 outdoor workers showed that mean age, weight and BMI between worker groups were not different but period of employment, working days a week and working hours a day were significantly different with security guardsman having higher period of working time than motorcycle drivers and street vendors. (One-Way Anova, Post Hoc multiple comparison, p<0.05 and p<0.01) (Table1). Motorcycle drivers had working hours per day higher than security guardsman and street vendors (One-Way Anova, Post Hoc multiple comparison, p<0.01 and p<0.05). Security guardsman had working time a week longer than street vendors (One-Way Anova, Post Hoc multiple comparison, p<0.05). Table 2 ). The ambient air levels were not significantly difference from personal air exposures. (Table 5 ) which were lower than acceptable limited level (1.00). The hazard index (HI) of security guards, motorcycle drivers and street venders were 4.42 E-01, 3.63E-01 and 2.57E-01 respectively and HI of all workers was 3.54E-01. 
Urinary biomarkers of outdoor workers
The urinary biomarkers of workers were tt-MA, hippuric acid, formaldehyde, acetaldehyde and formic acid at 1.66 mg/g Cr, 0.51 g/g Cr, 0.85 mg/g Cr, 15.9 mg/g Cr and 20.57 mg/g Cr respectively (Table 6 ). Urinary formaldehyde of motorcycle driver was significantly higher than security guardsman (p<0.01) and street vendor (p<0.01). Urinary acetaldehyde of motorcycle driver was significantly higher than street vender (p<0.05).
Association between VOCs exposures and urinary biomarkers of outdoor workers
Using linear regression model, the association between volatile organic compound exposures in ambient air and urinary biomarkers of outdoor workers showed that benzene was strongly associated with tt-MA (p<0.001, 95% CI=0.025 to 0.087) ( Table 7) . Moreover benzene was significantly associated with urinary formic acid (p<0.05). Toluene was associated with urinary hippuric acid (p=0.001, 95% CI = 0.002 to 0.008) as well as with formaldehyde and acetaldehyde (p<0.001). But, ethyl benzene was not associated with any urinary biomarkers while xylene was associated with urinary hippuric acid, formaldehyde and acetaldehyde at p<0.01. In addition, 
Discussion
The results of this study showed that there were significant difference duration time of employment, working day a week and working hour a day between worker groups. Security guardsman had highest period of employment at 12.9 years while motorcycle driver had the highest working hour a day at 12.1 hours. The average ambient air benzene and toluene levels were high which benzene level was higher than standard limits of 1.7 µg/m 3 (WHO, 2010) and much higher than previous study at roadside of Bangkok in 2007 as well as toluene (Laowagul et al., 2008) . The security guardsmen was the highest exposed to benzene which benzene exposed level was significant higher than the other groups. However, this study showed that the average ambient air levels were not significantly difference from personal air exposures (individual measurement regarding worker exposures by personal pump) which there were not depended on various factors that affected on pollutant levels such as their worker activities. Because ambient pollution sources in the urban environment include various stationary, mobile and area sources of emission. So, these sources must be identified to enable effective health risk assessment of exposure (WHO, 1999) .
These result supported previous study in gasoline workers in Bangkok area that the ambient and personal air levels were not significantly difference (Tunsaringkarn et al, 2012c) . The toluene to benzene ratio (T/B) acts as an indicator of traffic emissions which this study was 2.0 compared to previous study 5.7 at Pathumwan junction (Laowagul et al., 2008) . This showed rapidly increasing of vehicle emissions of benzene. While T/B of the studied at residential and institute of busy traffic intersection area of Delhi, India were 1.29 and 1.79 (Kumar and Tyagi, 2006) , However, T/B in urban area of Bangkok was within the range of 1.5-4.3, similar to other study reports from Algeria at near road traffic (T/B=1.5, Kerbachi et al., 2006) , Delhi at traffic intersection of Kumar and Tyagi, (T/B=1.5 and 1.7, Hoque et al., 2008) , and Beijing during Olympic Games and Paralympic Games (T/B=1.7, Liu et al., 2009) . But was lower than the study in Hongkong at PolyU Campus (T/B=5.3) and Kwun Tong (T/B=5.5 ) (Ho et al., 2004 ) and higher than printing facility study in Bangkok (T/B=0.02, Thanacharoenchanaphas et al., 2007) .
CCs of formaldehyde and acetaldehyde levels of this were 2.1 which lower than previous the study of main roadsides in Bangkok as (F/A=3.4, Morknoy et al., 2011) due to increasing use of gasohol fuel as other countries such as at parking lot and bus stop in Londrina, Brazil (F/A=0.32 and 0.27, Pinto et al., 2014) , between ring road of North Beijing,China (Zhang et al., 2012) , Kolkata,India (F/A=1.4, Dutta et al., 2009 ), Kaohsiung City, Taiwan (F/A=1.3, Wang et al., 2010 . This ratio (F/A) is usually varied from one to two in urban areas such as Beijing ambient air (F/A=1.5, Pang and Mu, 2006) , residence and work place in the Helsinki metropolitan area, Finland ( F/A=2.7, Grosjean et al., 2012) to about ten in rural areas as farm site in Londrina, Brazil (F/A=1.6-4.9, Pinto and Solci, et al., 2007) , at Anza (Northwest of Agadir, Morocco) (F/A=5.0-7.3, Ait et al., 2012) . However, the result of this study presented average formaldehyde level was lower than range 1-20 μg/m 3 of IARC recommended (IARC, 1995) .
The total VOCs of security guardsmen, motorcycle riders and street vendor exposures were 144.44, 144.11 and 137.15 µg/m 3 which average level was 139.96 µg/m 3 . Security guardsmen had highest level of benzene exposure while motorcycle driver had exposure to high levels of toluene. The previous study of motorcycle riders in urban and suburban areas of many Asian countries, including China, India, Indonesia, Taiwan, Thailand, and Vietnam showed that the reduction in fuel aromatic content from 50 to 25 and 15 vol% in gasoline decreased benzene and toluene emissions, but increased the aldehyde emissions (Yao and Tsai, 2013) . So, the important aldehyde of formaldehyde and acetaldehyde will be increasing in the future because of biofuel trend by policy. Moreover, there is rapidly increasing number of vehicles in Bangkok, there are a lot of VOCs pollutants in atmosphere (Leong et al., 2002; Srisurapanon and Wanichapun, n.d.) . Ambient air VOCs lead to increased risk and hazards for outdoor workers. So, most of outdoor workers of security guardsman, motorcycle riders and street vendors in Pathumwan area had high risk of exposure to VOCs of BTEX and CCs of formaldehyde and acetaldehyde as these chemicals which are commonly found in ambient air pollutions in urban area (Sina et al., 2001; Saxena and Ghosh, 2012) .
The average lifetime cancer risk of benzene and formaldehyde were higher than limited level (1.00E-06) where security guardsmen had higher total cancer risk than motorcycle drivers and street vendors due to long duration of work time and increased benzene exposure. Motorcycle drivers had the highest working time a day while street venders were the highest formaldehyde exposure which each variable was related to cancer risk calculation. Like in the other studies which supported that cancer risk depended on concentration and duration of toxic chemical exposures (Mckone and Hertwich, 2001; US EPA, 2011) . In addition, women street vendors had higher cancer risk than men due to significantly lower body weight compared to male street vendors (p<0.05). But average HQ and HI of all workers (3.54E-01) were lower than one. However, security guardsmen also had higher HI than motorcycle drivers and street venders. So, all outdoor workers had high risk of cancer (total cancer risk = 2.11E-05) but no adverse effects from VOCs exposures. The security guardsmen had higher cancer risk (2.07E-05) than motorcycle drivers (1.12E-05) and street venders (7.00E-06) as well as HQ cause of higher benzene exposure level and longer duration working time of guardsmen. HQ of each worker groups was lower than acceptable limit (HQ<1), so, all workers had no adverse effects cause of HI less than one. The most cause of cancer risk is derived from benzene and formaldehyde exposures (US EPA, 2003; IARC, 2006) while non-cancer is derived from benzene, formaldehyde and acetaldehyde (US EPA, 2002; US EPA, 2012). Outdoor workers had high risk to expose them and their health effects may relate to vehicle emission and photo-oxidation exposures which most of guardsmen work at checkpoint and entrance-exit vehicles were highest exposures.
The urinary biomarker results showed that tt-MA level of all workers were higher than ACGIH limit of 0.5 mg/gCr (ACGIH, 2010) which was higher than average for 3.3 times of limit. It means that all outdoor workers had high risk to expose benzene which also supported high risk of cancer. Average hippuric acid level was lower than ACGIH limit (1.6 g/gCr, Mayo Clinic, 1995 -2013 . Urinary formaldehyde, acetaldehyde and formic acid in this study were lower than office and gasoline station workers in 2010 and in Pathumwan area (Tunsaringkarn et al., 2013) . This study showed that motorcycle drivers had higher urinary formaldehyde and acetaldehyde than security guards (p<0.01) and street vendors (p<0.05). It may be caused by direct expose to a lot of CCs emission from motorcycle exhaust which is high in formaldehyde and acetaldehyde resulting from incomplete combustion of hydrocarbon fuels (Liu et al., 2006; Seco et al., 2007) . Formaldehyde is readily combined with cellular constituents in all exposed tissues and is rapidly oxidized to formic acid largely in the liver by the catalytic action (Kolman, 2006) while formic acid is further oxidized to carbon dioxide and water via a folate dependent enzymatic pathway. For this reason, high formaldehyde exposure was increasing of carcinogenic in motorcycle drivers.
This study showed that ambient air benzene was associated with urinary tt-MA and formic acid. The tt-MA is one of metabolites of benzene which supports as a biomarker of benzene exposure (Panev et al., 2002; Tunsaringkarn et al., 2011) , and toluene was strongly associated with urinary hippuric acid, formaldehyde and acetaldehyde (p<.0.001). This result supported that urinary hippuric acid is as an index of toluene exposure as in previous studies (De Rosa et al., 2007; Pagnottoab and Lieberman, 2007) . As well as xylene was associated with urinary hippuric acid, formaldehyde and acetaldehyde (p<0.01). Ambient air formaldehyde was associated with urinary acetaldehyde (p<0.05) but it was not associated with urinary formaldehyde. It should be converted to acetaldehyde, so, average urinary acetaldehyde level was higher than formaldehyde while ambient air acetaldehyde level was lower than formaldehyde exposure. Similarly, ambient air acetaldehyde was not associated with urinary acetaldehyde. Urinary formic acid was metabolite of formaldehyde and acetaldehyde which can be measured in blood and urine (Bono et al., 2012; Tunsaringkarn et al., 2012c) . But in this study, formic acid did not show any association with formaldehyde and acetaldehyde exposures and this was different from the previous study conducted in office workers (Tunsaringkarn et al., 2013) .
Conclusion
Outdoor workers had cancer risk mainly from benzene and formaldehyde exposures with the security guardsmen having the highest cancer risk. They also were having the highest adverse effects but all workers did not have higher adverse effects than limited value from VOCs exposures. The tt-MA and hippuric acid were well correlated with benzene and toluene exposures. However, biological monitoring of exposure to formaldehyde and acetaldehyde were not common practices. Policies need to be formulated to reduce VOCs emissions in ambient air by changing fuel formulas to biofuel. Frequent ambient air VOCs monitoring, educational programs to increase awareness of various toxins, their health impacts, and using of personal protective equipment (PPE) for outdoor worker programs are recommended.
